;fge3e_\| (h6T>D WO 99/ 34485 1 PCT/ GB98/ 03831 AN | NTEGRATED OPTI CAL

TRANSCEI VER TECHNI CAL FI ELD This invention relates to an integrated opti cal
transcei ver and nore particularly a transceiver enploying an inter cavity
dernul ti pl exewop®eBiassat or for use in optical conmunicati on SBGUGEBAS/03831
BACKGROUND ART Mul ti-wavel ength optical ,conmuni cati on networ ks can
significantly increase transm ssion capéci ty) enhance systemflexibility
and allow for nore flexible and novel system nmanagenent schenmes. A nmjor
probl emwith the cost - ef ANINTEESRAIHD ORTICAL JRANSCEWER ens is the

achi evenment of stable nmulti-wavel ength transceiver and detector devices
with accurate channel wavel ength definition and | ow tenperature

sensi tivity. JTEGHNICAL BIELDS t o conserve wavel ength registration and so all ow

conmmuni cat i . I ' WE [ f t hat
may be at d?ﬁ'ﬂné@\b{@gﬁ%&%gﬁ%ggﬁ%ﬁ%fg%ﬁ%&%%%% @F%eBé%{%QEE%ed Back
(DFB) devi cestrassagivien etmipboyjing am indertcasity demultiplexer reganatonfpr asen aptical
tenperature contral,..| wavel ength definition on fabrication and high
coupling | os?é'%"’%’HC%’b%ﬂ'gﬁ%ﬁe ¥he channels into a si ngl e output. Integration
of active or passive wavel ength selective devices within |aser or detector
structures Med mul ti-wavel ength transmtter or receiver

devi ces cap ting or detecting a nunber of wavel engths

Si IrruI t aneog%yltifwdm@gw m{fpﬁpaisgﬁijnniuhidaﬁom:rmwkmema_rt mgnifwaulnpy Wﬁ(lil%beélgt h

sel ective devices can be for i nsi de r cavjty to allow.l aser
oscillation twsy'm@p%tyvﬁ@f‘gﬁai’ﬂe@ﬂ‘?ﬁ?@ﬁ% ?”&ﬂ@%&ié‘i’@ﬁ aYiblepRdt i ve
devi ce used fdveb bgsle hamametit schemesual Mmajar goblkim@ithase dost sfittive €
typically i nte%ted vvitt]]te ses or m rrﬁ,rs to {)erf?r t he requi red beam
mani pul at i orfeah3AkoR s8N iSYRIEMS Bnthg Achievemapt 8% Brinditiena atks by
provi di ng anrdditedenbRE dBtEdtdr HEWNEISCHER actits eRAMSRS -wavelendth ARFFiGSS 2

DI SCLOSURE OF | NVENTI ON PCT/ GB98/ 03831 According to a first aspect of the
present i nvedtd dowt trEmReratre, 3RRsHHY.an Tihet &ffedt IRy 1o pEonsarve rwavalengiler
conpri sing gehR&fiofand sy allGW EBRMnRMiRBR offbff@?']erﬁlr&év@% 9?31#%5@?%?% of

el ements, wavel enfcflt h selective neans within the | aser cavit

det er mi ni ng the| thay enendien abidifferent emperaiiveey YMavelengih selededi ng
means, al | 9ikiod Pled BECK AP pid’és%ﬂtiﬁ tREbAGH ARELHE from LARARY °S! ve

at the | asing wavel engt i

ermt the transceiver to emt radiation
of the | asi rmeroutate temgeraturarmentrak lagkvel wayglangtb| definitioe anetabsicaiomegnar r anged

to receive |, f ok f : transmt |ight of
2 sel oot od vGRPalR1SSheR R, sl ek HERARE R ERS o 2TC  he 1 gt
receiving neans. Such a transceiver is capable of detecting incom ng data

on one or a lﬁ?qtgr&fotnn’@\y g!:tﬂ]é%h?a?:ﬂge %Ja%{ehg{_hegﬁﬁk%et Hégéég With@flg%?]; gron a

di fferent waveleng or set of wavel eng e wavelength's I Ve means
det er mi nes tdmdettas strgctumsctocfogn lintegrated mylpwavelehgthhicansastter onvédejveand t he

dot or m nes. HAT 2 baTE; B haerinkny  afehtel RE e CBF Ve dindfs
wavel engt h remaltaesbusly hae beeargoposesr . |tAiscalsdi imgpwinothah aubk rwasgdength of t he
I nvention t hs,ecarltaectfvg erv%\éisdc%% t?e F&‘?ﬁ\%ﬂﬁﬁigﬁ@iar lagér ééjv(ft?l t}) raﬁg\flqgisé/reésscillation

on a number of wavelength channels. The wavelength selective device used in

such arrangements is usually a grating based structure typically integrated with

fenses or mirrors to perform the required beam manipulation.

The present invention aims to improve upon such devices by providing an
integrated multi-wavelength transceiver.
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O her features of the invention will be apparent fromthe foll ow ng
description and fromthe subsidiary clains of the specification. BRI EF
DESCRI PTI ON OF DRAW NGS The invention will now be further described, nerely
by way of exWR§P4483:i th reference to the acconpanying dr a\/\i’%ws{"?ﬁ-"hhl ch:
Figure 1 is a schematic diagramshow ng,a first enbodi nent of an integrated
optical transceiver according to the invention; and WO 991 34485

PCT/ GB98/ 03831 3 F| ure 2 is_a_schematic di agram showi ng a second

embodi nent oIS aL2lad VLN | transcei ver according to the invention.
BEST MCDE OFA&%?E%N@ @UFrrs{ MYERB GNtHe HrogBR HRRIAN e s APRATIARS an and
detection transcei Ver is described bel ow but the arrangenent described can
be extended intPga#Pd @RHER rapsCalkf COBIRIERI Aapptayity farmeddeiweemiisst and opt i cal
chip 1, suchsagng fééad;ia%mwnew%@éng{%ﬁ@b&t.\%ﬂm\@ahgmﬁq thie 1B86C v\ff; s
formed. An integrated waveguid , such as a silicon rib wavegui ext ends
froma firstfor mwnglém\mg vavelangthn of 4he daserneaNitypand Il@hanm:emegl ective
(AR) coatingy, 1643t Bnd 8&% f@écﬁ%ﬁ efIMkritl b&i?.g Sdﬁ‘?tYaﬁﬁgWaﬁSnﬁss \%"thé

wavel engt h s¢ ive neans 4, such as a transm Ssion atin ormed by a

seri es of nalasmwwasfnwngﬁmscga@m/gerrmntheettmdlvemtq¢mlt sadiatiareobthetiasingi | i con
chip. A further g h ion.to
receive ligh gvﬁig@\{ge#'lé(g&% waaﬁlefeﬂbﬁege@@#e ﬁ‘re %H%%es Emgn&%f tédeﬁe"éﬁd

| eads) vi a dighbphroagh cnepbi theefeeﬁbasiuetenwtsi amdrrirmmit:d:ghtr of assalecal i fier

Face of ¢ na POl b forg i s Al hadih, % slont fiee Rl PRabE Chrpr sos

a linear array of chlrped peri od apertures so it also focusses the |ight
transmtted th ethrou [ ra al on e _wavequi de 2 rds
the transni s3f dFaJ'tSF &er 'Sa‘%Pé’P[fe ‘yﬁ'ﬁtFSt' E‘CSF?'?%BW% dyere Ysa P@E)Pgaent ed
by the das haﬂla\}elmhﬁam sintulla@avesly traasmittirgodatd @nZa diffegdnit vl/méﬁgtﬁ be
transm ssi 02§e§ ?tl ngl bn the formof an interference pattern generated by
the |inear Wa¥EIengtPSed period apertures forming the grating in the
wel | - known manner and corrprl ses a series of peaks at different angul ar
posi tions relatlveto he axis of th ratin an axi s perpendlcular
to the grati Mf &ﬁ&eéﬂg %é'vﬁ/i rf‘ﬂart'ﬁhg %Q'U qaé '?5'”9 aavrlengiik by e si ng

light of a part bﬁ%@ﬂas‘éﬁ‘éﬁblﬁﬁgh@ thé sweceédemwleh@mdtransnw&%@%?tﬂéaéht
PCTI GB98/ 03831 4 The wavegﬁl de 5 is positioned s to receive light of a

sel ect ed waViEPEMgEHMEans a |S@nd?@’mﬁ‘eﬁ@q%éh%\mp@ﬁgfm"laF‘%mgﬁﬁdt'P!é@“by t he
transcei ver.ydds@bivePind fheSwaNRIgaNECBIVES by IRY trhh®@iveR @ | aser cavity forned
bet ween the AR coating 3 and the HR coating 7 in a known manner and as the
AR coating is only partially reflective, part of this light is transmtted
from the tranaeRdiNgfo ARGtRSIHSpeBEoARe iRBhiidHIthardR 6r3\ﬂdé’d‘¥39h'étcﬁéd bai of .
transcei ver at the wavelength [err] Another waveguid is also provided on
the chip at %JCQéWé‘ét?%hPféngl e so as to receive light of a second wavel ength
[err] fromthe transm ssion grating 4 and transmts this light to a
detector 10 such as a phot odi ode. The spacing required between the

wavegui des 5OWRE featyigstaide investior wilhbe rpppeadt ifigen ey tollewtpgndegcaptign and
[err] woul d JypiSalhy stisidi é‘lyté‘ﬁmgro‘?'ﬂ{e%gcma ¢0 mcrons dependi ng upon the
di nensi ons and geonetry o he arrange q’%e transm ssi on grating thus
acts to direct light of the second wavel ength [err]

BRIEF DESCRIPTION OF DRAWINGS

The invention will now be further described, merely by way of example, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram showing a first embodiment of an integrated
optical transceiver according to the invention; and



received by the transceiver through the partly anti-reflective coating 3 to
t he phot odi ode 10. The wavel ength sel ective structure 4 is thus integrated
as part of a laser cavity fornmed between the partly anti-reflection (AR)
coat ed faceW®BIGMISt he high reflection (HR) coated facet PCHGBO$e3831

sem -conductor |aser anplifier chip 6. :;I'he grating 4 is used to set the

rel ati ve wavel engths of both the transmtted and received data inside the
sanme chip. The grating 4 sets the transmtted wavel ength of the | aser by
being part of the laser cavity and acting as a wavel ength selective filter.

At the sane i, 2t.Beag§@tenm.c4dﬁgmna§ﬁcsma§ a SsvvhBasmbodirhént ensan i ng
that the detector 10 is illum nated the correct range of wavel engt hs.

The wavel enditegratadentical tf%ﬂsﬁﬁ'vﬁhéccgﬁ’%lﬂg fythg InYafdieBf ore, enabl es the
formation of a closed cavity for laser oscillation at one wavel ength [err]
and the free detection of anot her wavel ength [err]2 at the detector. The
det ect or 10 BESToMODE: ) I UT WYENTENG5 PCT/ GB98/ 03831 5 the | aser
resonat or buyt iJhdt AR t odi ode
10t o nat e dRdaR mﬁéﬁ?aﬁﬁ%@%&' e o Lty Rt
prevents t hQUf thenarangenuint dlescriblesk ¢camnbe Qmendad tmwmngxeh of Mayeleagth
schemat i cal lK M‘Jé strates one enbodi nrent of such a transceiver. Data on
wavel engt h ferr is coupled into the device and is denultiplexed by the
grating structure 4 to illumnate the detector 10. As indicated above, the

exanpl e sho rat : | ra

pen[rgr m bot Wé%\] %'T%g{ ex’?lﬂéﬁ%q)&% £ gz?,p]%s %ﬁdg(?rgoéf?rgs#zé\kgrggﬁgté Iyﬁ'é(iibodl ment
whi ch used éhe trabscedards fofmerbl IAmmtegngﬁeana\femﬁdﬁ @g suth mers slitoptrithed i n
the silicon chi get he th fl ct| rating,12. Th rors 11 and
Foft ecti on YENpRESISt s Bk ot fepfeit SBmEhTn. Sk ds abblemed ee s 1o
silicon g hi ;alntﬁhllaadtueé i(AB) uamfaigefwmbd @n & Ii@cétazﬁ&rnei endlef ¢arivaedgiiye the
grating demul tipl exer

12. b rovidin ength sel ective
Pore] 101 n 1 dewarle el bl Bk oo dth CRIED AR LRV raias 13 5ece coi ved
% t?ﬁ devi ¢g t a Seﬁbsr@fcﬁha@dmb)sﬁahkﬁlv @66@&%A1bt@’ﬁﬁj »lgrtaélsu@raée tbmrtéﬁg::fiﬁi Iect or
e gra us a C e, | aser cavj mul ti pl exi ng
and denul ti ﬁ}‘ AB"’&‘ﬁéWPéﬁﬁlgg%g '$ g’émﬁ Oﬂé&}%fsé’ﬁgk ft 3 pesifiemia %SP'VF W@h{)nput
data during aeacéeléqeddngld ﬁo&ymleeuan’émmd:ﬁ g&:nrngm bhe 188dLaiPanDopied forms a
| aser cavity between the high reflection coated facet 7 of the | aser)

t hrough the a@?p&f'ﬁrn@ s(H'éFh?IStEI %‘P"é%@?d@mﬂﬁsqrﬁé“ﬁihﬁ'?f FRiP) 1P asesandsierdbackon
coat ed facefeuéna{t 7 Reck kR mbh rbh&t.aﬁ\(ﬂ §@aém fbsétrdflma%drearrﬁdmeaee
significantly different, the anti-ref ion coating 3 can be designed to
have a | owern k8 eéarvpleeshow teg grating| mnﬂﬁ@f g bmearwraie@fe@mlmpdvmdengt h
[err]2 to i e (i.e. be nore
highly refle tglﬂy S%f%g{rjélgﬂg)ct%rgg%és:!r?l%?? %ﬂm}%\@vﬂﬁéﬂ@rgrl to reduce the

| aser threshold. The transceivers described above have a nunber of

signi ficant | HAURARS: alon InBOWadéRmd STISHRES ARE HrarRmission grating 4

diverges into the silicon layer, as represented by the dashed lines 8 as it leaves

the waveguide 2. Light leaves the transmission grating 4 in the form of an
interference pattern generated by the linear array of chirped period apertures
forming the grating in the well-known manner and comprises a series of peaks
at different angular positions relative to the axis of the grating (i.e. an axis
perpendicular to the grating and co-linear with the waveguide 2), each peak
comprising light of a particular wavelength or wavelength band.



The inclusion of the passive grating denultiplexer renoves any wavel ength
regi station problens between the transmtted and detected wavel engt hs of
transceivers_located at different parts of the system This_j ue to the
fact that th@ogg?“é‘gst ed and transmtted wavel engths are setécﬁ'i’/éqgﬁ@”ébrre
passive denul tiplexer device. For instagce, in the above exanple) the
emtted laser light at [err]l is determ ned by the denultipl exer geonetry

whi ch can be_defined yery accurat Ig aqd fabriﬁ:aﬁe% to hi H t ol e(\rar?ces,
e.g. by phot G?Wﬁ&@@‘ﬁ%%f’dsﬁpﬁ'ﬁgg%‘& i R HEEHYS g ¢fed 5?'8?@ VARINetR o red
to sub-m cron ARG BQY -belthbSwavaigE GthRsBitetibisthauk Asebivea LB%hF%?ﬂh?d to
the detected wavel ength of another transceiver as this will also use

exact |y t he wavaenmmig emplifieddn ajasengavity forenadabelvegn dheiARecaalingwh@ed engt hs
swapped. Si 7V, i landS i i i 3 bot h
cases the Want\?/lglI-t(iaﬁgctoﬁgﬁ '7I'ﬁ %g%ﬁarﬁ% @gf agﬁdafﬁlifﬁ?ugﬁé% ilgglnflyL ﬁgtt‘a;lfﬂ

al i gned. Theeflectives par abithis Hightjisatranfnited fem th%tf@@%cal\@séhroyggithe #fHiRon on a
parti cul ar v i i i vel engt h can be set
very accuraté aﬁh?{égésgggt%&#&?ﬁgﬁ%&%\gc%wéatﬁge r‘%&,bl%gﬁ@‘tme one hand, be
designed to be sufficiently narrow to all ow reduction of chirp and

di spersion pegnalty but, .on.the other. h sufficientl road to enabl e
stabl e and I'&?Fgé\?y‘fv?mu'(%u? 1%AE0 Pé%%%?@ggm@gé'beaﬁfg%@g%&an %P ABDI ng
effects). AlgeeivhlighBBehi stgohd wdvelemaueayinden the adpsmisgiohhgratingar ah@ the
grating i.e. by reduci ng t he hei ght and/or the width of the waveguide 5 as

eauct g .
it appr oachdansmitsghisdiptos dteatos 19 guchsppamhafodiqdee- wi dt h of the |i ght
coupled into the | aser can be reduced. The transceiver al so has reduced
tenperature sensitivity. Tenperature dependence arises fromtw factors: i)

Ther mal expal sPe@hafBEHgdt PrIVgRAh Jvayegrides Thend He saehex iperive dhe
coefficient L] ] J X . Ko L hbYiRiRal j desd gns
this WO 99@%%%é§b§9%gll'e/¢n QSg}b%é%%zr gga‘d?gﬁ:c%ﬁyé b%hlgntgg o(;?@ﬁe’gf??e aser
wavel engt h ohictrsependingtupenteergimensiane andragemelry af thesacangemerrtef r act i ve
index variation with tenperature: this changes the operating wavel ength of
the grating. The change in refractive index with tenperature for Si is 1.86
x 10[err] hK—The ’lc?lansmmsiibnajratd'@vihue a}n‘,@toggisecgmgbr Ot?"e se@npervaewetelhgltlamge -ﬁo
to 85C, this will result in a wayel eng change ,of _appr oxi nat e 9nm The
sl Ll ng walPEPURREN e rAIEraHEr TIrese Bt BRRb AN RIER Ve, oA RA I T0f der of
magni ture | gsigRsdiéda@mot he correspondi ng variations due to thernal

expansi on. However, even a 9nm shift over the stated 125C tenperature range
due to index variation is significantly |less than that which would have

been obt ai neThd/\whidefdth @eledtive stediurass B thadintediatedl ad paeof allasartavingd al so
be noted that wavel ength vari ati on_vm'th.tezgsgature gue to an active
eplon, (4

(1 aser) el enBHPedheducsn the eprtyr ARtited &atgd faget dadrd dhgithioh s set

by the passitggedtiont (HRI c@é‘téid_cfﬁcet'ﬁh@fth@%@hﬁ-bﬂﬂdd&&U§$ér%nJ§liﬂeM@M§|Q?”1§Hé1_ shift
wi th tenperature conbined with the reduction in emtted | aser |ine-width
reduces t he §7ating Aelg ussAdP a6t dhe felativenwarelpgies & otk the fansmitiediand wWtih a

transceiver gdexileg Ll kihgige\/!hbhsérhs P, VaKe! §ragheS4 %té%ﬂ&ﬂﬁ%ﬂﬁn&é@nm
for exanple, a channel wdth of approximately 100nmis required if prior
art Fabry- Pevarelengliaraf the dasembyaindrvPaRodh theniasee it engeadiingbpsisat i on.
This can be ﬁfglgﬁiht W t e } JFk L npl oyed
wi th such Ia\gers. aps%geljcﬁgéngp&?htem(}é%ectorlt'mﬁg\r?etgﬁi%géeﬁ@?gi%]gé%g& 'ragﬁci ng

t he hei ght deandpass filkerenshiring thet the detaclen 184ds fllgminated Ay éhe perregtdangef t he
wavegui de no, Ié"b IPPr oaches the grating 4, 12, can also be used to
accommodat e the wav I‘ehgth variation of the incomng data over this 9nm
range with | ess than 1 dB penalty on channel |oss. For exanple, the

wavegui de 9 ‘F&nw?ﬁelgﬁ&ﬁrs%%ctiviw)ofgtﬂlegg‘}étﬁi% FHeE58! Q383ds the formation of

a closed cavity for laser oscillation at one wavelength A, and the free detection

of another wavelength A, at the detector. The detector 10 is physically part of



8 out fromits standard 4 mcrons width to 20 mcrons resulting in a

br oadeni ng of the detector response so that any changes in emtted | aser
wavel ength due to tenperature can be accommodat ed. Far | arge channel

separ ati onswasWssas the 1310nm to 1550nm as nenti oned ab®C®/GBY#/03831
difficult to achieve the required channel separation inside the free
spectral range (FSR) of the grating. TS overcome this the grating is

desi gned for operation outside the FSR but in such a way that crosstalk

wi th any of thenkaset reaonatetduit ps separateds fragoit de dhe rwavetfingtls domainw  erheur e
this, the deyxi.ca. ' : | o]
potenti al | ys?‘?‘t%g'ﬂj grﬁﬁ%hﬂg\ggg&g?%u%g?édgg%‘sg?{nﬁé th Q;t ﬁ@hﬁlﬁ%ﬁﬁéﬁ gg%cgg%vegui de
9. The transnpeipveventiabe forbedioalyd wecitationalopdhélevaledéngtied to transmt and/ or
receive on nore than one wavel ength band by providing further wavegui des on
the chip to receive other wavel engths into further |laser cavities simlar
to that desé€iguped sthemetically ilustratasconeembbeiment vé bectys imanisagiver. uDatzer

detectors simlar to,that described ahove. Wth wavequi d roximately 4
T Gr ons. wi dBN Y Rlead B CoTB IR dhe SRS aSis SHHRexeE byARB LS be
possi bl e t osfr@étirelR thOilldrinaty &8 iddesttdrn10.nead andidated abevef thdexampld Ng so
enabling the transceiver to transmt on 16 wavel %gg hs and receive on 16

d
wavel engt hs Shawe ir fighee: di iDeerPafates gerhimed fe5e$ing HatSod doapeiP ML BPIN t at es
two possi bl goARitpREhg fHa foBIMiRG@r i Ng the light emtted fromthe |aser. The
first is to sanple the Iight inside the |laser cavity using the grating. The
grating can be designed to carry a small but finite proportion of the |aser
power in a O, Mol i i ; led to a
Firther 't ap, BT aoyn aing ERbodhtet ORI E ortNaon s IR (oe
Fig. 2). Byaodripewstingiayirens, 11 redchadaini tile siligaay shipatagether hwith Ri rgfleeticor der
node shoul d : I & d Lhf f ) det ect ed
wavel engt hs 9 e'rng]qliaﬁhsi}éllr”)réfsgﬁoaqu?{égi\?vét\s\ogr?{agg%ggdcé/\géggﬂnééei 4t 1 he focal
pl ane. WOethes 4188 sedaceBdBe0diE®n ohipThe second nethod is based on
monitoring the power emtted fromthe back facet 7 of the laser anplifier
6. This can be reflected froman angled mrror and coupled to a suitable
det ect or. | TheHasing aseklenpbth dfatherlasergs idetermiriedibyiithie peatimgudarsultipleagr f r om

t he edge of e chip to al]ow roomfor. the mrror and detector to be forned
on the chi p."EIrE’ty WY'E’"Q@V@;{EI&"QB\ %@%‘H"’F ﬁquﬁaﬁng &‘e’P tﬁ%oﬂ'ﬁ%ﬁ W@ﬁ?’h recei ver
sensitivity of the transceiver) the detected wavel ength [err]2 should
preferably coincide with a peak of the diffraction profile produced by the
grating 4) The defedlgd wayglargthd. speied i tba demige is diredied Bydhgminersitie AR
coating 3 aaﬁeg?ém{g 5% *@ﬁfahféc&ﬁ fo?ac?h@g,raﬁigwe@tﬂd%eagﬁﬁ'maua& [eghace |aser
cavity losses (to reduce laser threshold current) by Tncreasing its
reflectivit yasesrcawiy emeiiglexinbeang demtdtinieydngidie radiated; |asingawaveleagihecei ver
sensitivity i | I [V d/vmr?e t er: t @ educe
coupling Ioé‘?@sIi O;Efi tﬁ%o‘ L?\tga%tfgi‘ta .dgAEEMAWRﬁ’@%nat | gl:ggg'i P\-Ig-]'glg '%Jé% fe{gcﬁevi ty of
about 20% (detestart andforrengtiaser cavity betwaapithe highreflectionicoated facat 7oef

increase in ' SefOf i (=Y ction in
sensi £1 vi ty) 6 sl B ERe e Grebing SEMMERIRE] tnd el ahiffBnba

corr espondi egateddaed Seofitime thiper t hreshol d current will be around 30%
conpared to the use of an HR coating with 80% reflectivity. As indicated
above, the transceiver described herein is preferably fornmed on a

si | i con- on- ilfithawavelengBel)), anling ard\sighificantlyi diffeneat lties antireaflectibe goatiigon  of

t he various _conponents of the transceiver and relatively, |ow faprication
costs. Furt ReFaNRA degighegktodigve alopyer walue fiig bﬁé@%@%ﬁ@%’#@’ﬁgﬁd?{%ﬁ n are

given in m%@%ﬁ%ﬁr x“ﬁtiw&éﬁowmgtéﬂf@ew&ﬂﬁ stualileag.eP bRt mgicode
detectors on an SO chip are described in 2307786A and i n co-pendi ng
appl i cat i on highly @862} &9 ti7e trpodhitted wavalengthGB28 TebgBANe laser dpeskaldr i b
wavegui de WO 99/ 34485 PCT/ GB98/ 03831 10

The transceivers described above have a number of significant advantages:



structure is described in co-pending application no. 9702579.5 (publication
no. GB2317023A). The fabrication of transm ssion and reflection grating in
the surface of an optical chip by electron beam or photolithographic

t echni ques | YORP448%nown so will not be described in detai ?C.T"%’n"é’o””
transm ssion grating 4 would typically l:ée formed of shall ow grooves a
fraction of a mcron in depth (e.g. 0.2 mcrons) and wwdth and a few
mcrons in length. The period is chirped and would typically vary froma
fraction of a mcron to a few mcrons. The reflection grating 12 woul d
typically bertherifgdsigh stasp Ssés%nédgrfaaﬁg Wesultipléker’ @oees IdHy waléigrgh S - 20
m crons w de) spaced about - 20 microns apart and the grating nmay
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The transceiver also has reduced temperature sensitivity. Temperature

dependence arises from two factors:

i)  Thermal expansion changing the grating pitch. The thermal expansion
coefficient of silicon is 4.6 x 10%. K™ and for typical device designs this
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transceiver described herein is employed with such lasers.

Tapering of the detector waveguide 9, i.e. by reducing the height and/or
increasing the width so as to increase the width of the waveguide mode as it
approaches the grating 4, 12, can also be used to accommodate the
wavelength variation of the incoming data over this 9nm range with less than
1dB penalty on channel loss. For example, the waveguide 9 can be tapered
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modes are not present at the input to the waveguide 9.

The transceiver described above can also be designed to transmit and/or
receive on more than one wavelength band by providing further waveguides on
the chip to receive other wavelengths into further laser cavities similar to that
described above and to receive other wavelengths into further detectors similar
to that described above. With waveguides approximately 4 microns wide,
spaced about 10 microns apart, it would, for example, be possible to form up to
32 waveguides in the focal plane of the grating so enabling the transceiver to
transmit on 16 wavelengths and receive on 16 wavelengths.

The transceiver arrangement described above also facilitates two possible
methods for monitoring the light emitted from the laser. The first is to sample
the light inside the laser cavity using the grating. The grating can be designed
to carry a small but finite proportion of the laser power in a lower or higher order
diffraction mode. This can be coupled to a further tap-off waveguide 13 and
coupled to a further photodiode 14 (see Fig. 2). By correct design, the spatial
separation of this higher order mode should be sufficiently different from that of
the emitted and detected wavelengths A, and i, to allow well-spaced

waveguides at the focal plane.
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mounted away from the edge of the chip to allow room for the mirror and

detector to be formed on the chip.

It will be appreciated that in order to maximise the receiver sensitivity of the
transceiver, the detected wavelength A, should preferably coincide with a peak
of the diffraction profile produced by the grating 4, 12.

It will also be appreciated that in the design of the AR coating 3 a compromise
has to be reached between the desire to reduce laser cavity losses (to reduce
laser threshold current) by increasing its reflectivity for wavelength A, and the
desire to increase the receiver sensitivity by reducing its reflectivity for

wavelength A, (to reduce coupling losses for incoming data).

An AR coating having a reflectivity of about 20% (to both wavelengths), for
example, will result in 2 1 dB increase in coupling loss for the received power,
(i.e. a 1dB reduction in sensitivity) compared to a coating with a 0% reflectivity.
The corresponding increase in laser threshold current will be around 30%
compared to the use of an HR coating with 80% reflectivity.

As indicated above, the transceiver described herein is preferably formed on a
silicon-on-insulator (SOI) chip. An SOl chip enables easy integration of the
various components of the transceiver and relatively low fabrication costs.
Further details of SOl chips and rib waveguides formed thereon are given in
WQ95/08787.

Methods of mounting components such as photodiode detectors on an SOI
chip are described in GB2307786A and in co-pending application no.
GB9702559.7 (publication no. GB2315595A). A tapered rib waveguide
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chip by electron beam or photolithographic techniques is well known so will not
be described in detail. The transmission grating 4 would typically be formed of
shallow grooves a fraction of a micron in depth (e.g. 0.2 microns) and width and
a few microns in length. The period is chirped and would typically vary from a

fraction of a micron to a few microns.

The reflection grating 12 would typicaily be formed of deep etched features with
reflecting surfaces 5 - 20 microns wide, spaced about 5 - 20 microns apart and

the grating may typically have a length of about 500 microns.

The mirrors 11 would also be formed by deep etches, extending all the way
through the light guiding layer, and be from a few hundred microns to a few
millimetres wide. The mirrors are preferably concave as shown in Fig. 3 so as
to collimate and focus the light and may also have a reflective coating such as -
a coating of aluminium applied thereto. As indicated above, the grating and
mirrors can be fabricated with great accuracy using known photolithographic
etching processes, e.g. to within an accuracy of about 0.2 microns. Such
accuracy is repeatable so enabling transceivers to be fabricated with accurately

matched transmission and receiving wavelengths.
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CLAIMS

1.  Anintegrated optical transceiver comprising a laser cavity formed between
first and second feedback elements, wavelength selective means within
the laser cavity for determining a lasing wavelength of the laser cavity and
light receiving means, at least one of the feedback elements being
partially transmissive at the lasing wavelength so as to permit the
transceiver to emit radiation of the lasing wavelength, and the wavelength
selective means being arranged to receive light through one of the
feedback elements and transmit light of a selected wavelength, differing
from the lasing wavelength, to the light receiving means.

2. A transceiver as claimed in Claim 1 in which the wavelength selective

means comprises a diffraction grating.

3. A transceiver as claimed in Claim 2 comprising a first optical waveguide,
arranged to transmit and receive light to and from the grating at a first
angle corresponding to the angle said lasing wavelength is received from
the grating and a second optical waveguide arranged to receive light from
the grating at a second angle corresponding to the angle said selected
wavelength is received from the grating.

4. A transceiver as claimed in Claim 3 in which the second waveguide has a
relatively wide receiving end for receiving light at a range of angles from
the diffraction grating and a narrower transmission portion for transmitting
the light to the light receiving means.

5. A transceiver as claimed in Claim 2, 3 or 4 formed on an optical chip in
which the diffraction grating comprises a transmission grating or reflection
grating formed by a series of recesses in the surface of the chip.
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selective means is arranged to determine both the lasing wavelength and
the selected wavelength with an accuracy of 10nm or less, irrespective of

temperature changes.

7. A transceiver as claimed in any preceding claim in which the said one of
the feedback elements comprises an anti-reflective coating

8. A transceiver as claimed in Claim 7 in which the anti-reflective coating is
more transmissive to the said selected wavelength than the lasing

wavelength.

9. A transceiver as claimed in any preceding claim in which the other of the
feedback elements comprises a highly reflective coating, preferably
arranged to reflect at least 80% of light of the lasing wavelength.

10 A transceiver as claimed in any preceding claim in which the wavelength
selective means and the lasing cavity are arranged such that the

transceiver is able to transmit light at a plurality of lasing wavelengths.

11. A transceiver as claimed in any preceding claim in which the wavelength
selective means and the light receiving means are arranged such that the
transceiver is able to detect light at a plurality of selected wavelengths.

12. A transceiver as claimed in Claim 3 and Claim 10 or 11 in which a plurality
of optical waveguides are provided each being arranged to receive a
respective lasing wavelength or selected wavelength from the wavelength

selective means.

13. A transceiver as claimed in Claim 12 in which the receiving ends of the
said plurality of optical waveguides are spaced 20 microns or less from
each other and preferably 10 microns or less from each other.
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14. A transceiver as claimed in any preceding claim arranged such that the or

each lasing wavelength and the or each selected wavelength are selected

so as not to interfere with each other.

156. A transceiver as claimed in any preceding claim comprising output
monitoring means arranged to monitor light transmitted through the other
of the feedback elements to monitor the power of the emitted radiation.

16. A transceiver as claimed in Claim 3 in which the diffraction grating is
arranged to diffract light at the said lasing wavelength in a higher or lower
order diffraction mode than that received by the said first optical
waveguide and comprising output monitoring means for receiving said
lasing wavelength in the higher or lower order diffraction mode to monitor

the power output of the emitted radiation.

17. A ftransceiver as claimed in any preceding claim in which the light
receiving means comprises a light detecting diode.

18. A transceiver as claimed in any preceding claim integrated on a silicon-on-
insulator chip.

19. A transceiver as claimed in any preceding claim having a channel width of
10nm or less.

20. An integrated optical transceiver substantially as hereinbefore described
with reference to the accompanying drawings.

21. A pair of transceivers as claimed in any preceding claim in which the
lasing wavelength of one transceiver corresponds to the selected
wavelength of the other.
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grating formed to a similar degree of accuracy whereby the respective
lasing wavelength and selected wavelength of each transceiver are
determined by essentially identical means and so are automatically
matched with each other.



